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Geology

Stratigraphy and Sedimentation o f the Chamberlain Formation-Newland Formation
Boundary, Lower Belt Supergroup (Middle Proterozoic), Central Montana.

ABSTRACT
The boundary o f the Chamberlain and Newland formations records a transition from a
shallow water ramp sequence to a sub-wave base slope and basin plain sequence at the
northern margin o f the Helena embayment. Clayey black shale beds with interbedded
sandstone and "molar-tooth"-bearing silty micrite characterize the shallow water
sediments in the upper Chamberlain Formation. Intraclast conglomerate, silty black shale,
dolomitic silt and dolomitic gray shale beds characterize the deeper, sub-wave base debris
flows and micro-turbidite deposits with interbedded stylolitic micrite and pyrite beds in
the lower Newland Formation.
The best definition for the Chamberlain-Newland “contact” is at the change from wavy
clayey black shale beds to planar laminated silty black shale and dolomitic gray shale
beds. The base o f the planar laminated sediments is the most recognizable criterion in the
field. This interpretation changes the present stratigraphie definitions (Walcott, 1899) in
the Neihart area. Walcott described the thick "molar-tooth"-bearing silty micrite beds in
the Neihart area as the Newland Formation, the overlying planar laminated dolomitic
shales as the Greyson Formation and a red shale just below the Cambrian unconformity as
the basal Spokane Formation. Based on the definition proposed here, the thick-bedded
silty micrite section at Neihart correlates best with clayey black shale and silty micrite
interbeds in the upper Chamberlain at Sheep Creek. The planar laminated dolomitic shale
at Neihart correlates best with the planar laminated dolomitic shale in the lower Newland
at the Sheep Creek area. The reddish shale below the Cambrian unconformity is a zone in
the lower Newland weathered before the Cambrian transgression.
Slumps and debris flows, interbedded with the planar laminated lower Newland shale
along the Volcano Valley fault system, are good evidence that deepening and slope
development occurred in response to down-to-the-south movement on the fault system.
The confinement o f the conglomerate beds to the central Sheep Creek area suggests
debris flows fiinneled down a subaqueous canyon(s) that could have been fault induced.
Pyrite beds, interstratified with the intraclast conglomerate beds in the basal Newland
sediments, indicate that mineral emplacement accompanied faulting and debris flow
deposition.
Clay minerals are mostly illite with minor illite/smectite interlayers, kaolinite and
chlorite. No change in the clay mineralogy is apparent across the Chamberlain and
Newland formational boundary.
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INTRODUCTION
Lower Belt rocks occupy a fault-bounded east-trending Middle Proterozoic graben in
central Montana called the Helena Embayment (Figure 1). Down-to-the-south movement
along the Volcano Valley fault* a north bounding fault o f the graben, appears to coincide
with the change from Chamberlain shale to Newland limestone and with exhalative
sulfîde mineralization along the fault. Present up-to-the-south reverse offset o f the
Volcano Valley fault is a result o f reactivation o f a down-to-the-south Proterozoic fault
zone during Laramide compression (Godlewski and Zieg, 1984). Stratigraphie analysis
across the Chamberlain-Newland formational boundary provides a better understanding
o f the structural history o f the Volcano Valley fault and its relationship to mineralization.
Drill cores from the Sheep Creek Project (Cominco American Inc.), along the Volcano
Valley fault, intersect Chamberlain and Newland strata, syn-sedimentary faults, slumps
and sulfide mineralization. Correlation o f the sub-surface stratigraphy at Sheep Creek and
outcrop stratigraphy at Neihart has been difficult because o f the dynamic sedimentary
environment near the Volcano Valley fault and a poor understanding o f the transition
from Chamberlain to Newland lithologies. This thesis addresses the stratigraphy at the
transition from the Chamberlain Formation to the lower Newland Formation, defines the
boundary between the two, and interprets the depositional history o f this stratigraphie
interval at the northern margin o f the Helena embayment.
METHODS
To analyze the upper Chamberlain and lower Newland stratigraphy, I described drill
core at the Sheep Creek property and measured and described surface sections along Belt
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Creek and Jefferson Creek in the Neihart area (Figure 2). From these core descriptions
and measured sections, I correlated lithologies within the Sheep Creek area and extended
these correlations to sections near Neihart. I distinguished 9 sediment types based on
mineral composition and sedimentary structures and plot the distribution o f these
sediment types on cross sections to construct a lithologie facies framework. By using
standard x-ray diffraction techniques, I analyzed clay minerals from Sheep Creek and Big
Belt Mountain drill core samples o f Chamberlain and Newland rocks to detect possible
changes in clay mineralogy or diagenesis across that boundary. Finally, I synthesized
these data to interpret the depositional history o f the upper Chamberlain and basal
Newland formations along the northern edge o f the Helena Embayment.
PREVIOUS WORK
Previous workers (McMannis, 1963, Harrison, 1972, Schmidt and Garihan, 1986,
Winston, 1986, Zieg and Leitch, 1993) showed that the Helena embayment extends from
the central Belt basin eastward into the North American Craton. The embayment is a
graben bounded by east-trending Proterozoic fault systems to the south along the Perry
line and to the north along the Garnet line (Winston, 1986). The Garnet line includes the
Volcano Valley, Sheep Creek and Moose Creek faults in the study area (Figure 1). The
graben was filled by lower Belt sediments that are now subdivided into the following
formations, in ascending order: the Chamberlain shale, the Newland limestone, the
Greyson shale and the Spokane shale (Figure 3). The Neihart sand underlies the
Chamberlain shale and probably blanketed the region before development o f the
graben.
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upward into a thick carbonate unit that Walcott
assigned to the Newland limestone.

Newland Formation
Walcott (1899) described the Newland limestone at two ^rpical localities, on Newland
Creek (now Newlan Creek) north o f White Sulphur Springs and on Sawmill Creek (now
upper Belt Creek) south o f Neihart (Figure 3). He estimated a thickness o f 2000 feet (610
m) for the Newland limestone at Newlan Creek and a thickness o f 500 feet (152 m) at
Belt Creek. He described thin bedded limestone with shale partings at Newlan Creek and
thick bedded impure limestone with shale interbeds on Belt Creek.
Zieg (1981) suggested the Belt Creek carbonate section is a local facies within the
Chamberlain shale succession because the carbonate beds are interstratified with black
shales typical o f the Chamberlain Formation, and clasts o f thick-bedded carbonate occur
in conglomerate channel deposits within Chamberlain black shale south o f the Volcano
Valley fault.
South o f the Volcano Valley fault, the Newland limestone is planar laminated dolomitic
shale and silty shale interbedded with limestone, local sandstone and conglomerate beds.
Nelson (1963) informally divided the Newland limestone along Deep Creek Canyon
(Figure 1) into a lower unit o f uniform impure gray argillaceous limestone with dark silty
seams and an upper unit o f more heterogeneous argillaceous limestone, claystone, shale
and siltstone.
Zieg (1981) described the Newland limestone south o f the Volcano Valley fault as
calcareous shale, microspar, silty microspar and silty shale. He interpreted a subwavebase depositional environment for the lower Newland based on the absence o f wave
ripples and desiccation features. Zieg considered the Neihart quartzite, Chamberlain shale
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and lower Newland limestone as a generally transgressive sequence. The lower Newland
limestone represents the deepest interval in the embayment. He interpreted the upper
Newland limestone, Greyson shale and Spokane shale as a generally regressive sequence,
with two carbonate-to-terrigenous cycles in the upper Newland as initial regressive pulses
in the Helena embayment.
Alternatively, Schieber (1986) inferred a shallow water setting for the Newland
sediments. Schieber interpreted planar black silty shale beds in the upper Newland
limestone as benthic microbial mat layers. He interpreted silt-to-clay couplets
interstratified with the black shale beds as storm layers. Schieber (1986, p. 521) suggested
that "irregular carbonaceous interlaminae, patterns o f particle trapping, mechanical
deformation during penecontemporaneous soft-sediment deformation and filamentous
microbiota” are evidence that photosynthetic benthic microbial communities colonized a
shallow sea floor during Newland sedimentation. Alternative interpretations o f these silty
black shale beds are discussed below.
Greyson Formation
Walcott (1899) named the Greyson shale for exposures along Greyson Creek, near Deep
Creek Canyon, east o f Townsend, Montana (Figure 1) and estimated a thickness o f 3000
feet (914 m). He described the Greyson as a dark to bluish-gray, fissile shale with 100
feet o f conglomerate and sandstone at the base near the mouth o f Deep Creek. This
conglomerate thins to the east (Zieg, 1981) and is absent in the Greyson section on the
Smith River. Walcott correlated the shale section on Greyson Creek with planar laminated
shale and dolomitic shale above the thick-bedded carbonate at Belt Creek. I correlate the
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thick-bedded limestone at Belt Creek, that Walcott called Newland, with the upper
Chamberlain section at Sheep Creek and the overlying planar-bedded dolomitic shale at
Belt Creek, that Walcott called Greyson, with the lower Newland at Sheep Creek.
Spokane Form ation
Walcott (1899) described the Spokane shale as a massive arenaceous red shale at the
type locality in Whites Canyon east o f Helena near the Spokane Hills. He estimated a
thickness o f 1500 feet (457 m). Walcott mentioned a thin band o f Spokane shale along
Belt Creek, exposed below the Cambrian unconformity at the top o f the shale section, he
interpreted as Greyson. I believe this is a oxidized horizon in the lower Newland
limestone below the Cambrian erosional surface.
Keefer (1972) mapped the west half o f the Neihart Quadrangle using the stratigraphie
nomenclature established by Walcott in the area. The Neihart area geology in Figure 2
was modified from the Keefer map. Keefer’s map includes the type areas for the Neihart,
the Chamberlain and the 500 foot *T^ewland” sections. He measured 2021 feet (616 m) o f
Chamberlain shale, 567 feet (173 m) o f Newland limestone and 512 feet (156 m) o f
Greyson shale in the Neihart area.
CO R RELA TIO N AND AGE
Chamberlain and Newland Formations belong to the lower Belt Supergroup and
probably correlate with the lower part o f the Prichard Formation to the west in the central
Belt basin (Winston, 1986). The Newland limestone may also correlate with the Altyn
Formation to the north in Glacier National Park (Smith & Barnes, 1966, Harrison, 1972),
though discontinuous outcrop precludes unequivocal stratigraphie correlations. Harrison
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(1974) estimated that lower Belt sedimentation began approximately 1.5 Ga. Recent
estimates suggest Belt sedimentation began between 1.4 Ga and 1.5 Ga (Burwash, 1993).
K/Ar dates from potassium feldspar in a pre-Belt granitic dike north o f Neihart yielded
ages o f 1.63 Ga after corrections for argon leakage (Hayden and Wehrenberg, 1960).
K/Ar dates (Burwash and others 1962) from pre-Belt gneiss north o f Neihart range from
1.75 Ga (biotite) to 1.79 Ga (hornblende). Cantanzaro and Kulp (1964) reported similar
dates o f 1.7 Ga (biotite) and 1.82 Ga (hornblende) in pre-Belt meta-diorite north o f
Neihart.
Zartman and others (1982) obtained U-Pb (Z) dates o f 1.433 Ga from the gabbroic
Crossport sill that cuts the lower Prichard Formation in northern Idaho. More recent U-Pb
dates on the Moyie sill in the lower Prichard are 1.468 Ga +/- 2 M a (Anderson and Davis,
1995). Whole rock analysis o f Rb/Sr and *^Sr/*^Sr (Obradovich and Peterman, 1968) for
Chamberlain and Newland rocks in the Little Belt and Big Belt mountains indicate a
minimum age o f about 1.3 Ga. However, recent U-Pb dates in tuff from the Helena
Formation and the Purcell lava, stratigraphically above the lower Belt rocks, are 1449 Ma
+/-10 Ma and 1443 +/- 5 Ma, respectively (Aleinikoff, Evans, Fanning, Obradovich,
Ruppel, Zieg, Steinmetz, 1996). These dates presently bracket the Chamberlain and
Newland strata between approximately 1.468 Ga and 1.443 Ga. For a recent review o f
Belt geochronology see Burwash (1993).
SEDIMENT TYPES
Interpreting the upper Chamberlain and lower Newland rocks requires the identification
and description o f sediment types within the succession. I describe sediment types from
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outcrops, drill cores and thin sections from the upper Chamberlain and lower Newland
rocks, based on the sedimentary structures and textures and primary minéralogie
compositions. These parameters help to determine sediment types which reflect
depositional processes. I recognize the following 9 sediment types that together comprise
most o f the Chamberlain-Newland boundary succession.
1. Intraclast conglomerate
2. Silty black shale
3. Dolomitic silt
4. Dolomitic gray shale
5. Clayey black shale
6. Sandstone
7. Silty micrite (with “molar-tooth” structures)
8. Stylolitic micrite
9. Bedded pyrite
The primary minéralogie components o f the sediment types include: silicic sand, silicic
silt, carbonaceous Aims, clay, micrite, dolo-micrite, lime-silt, lime-sand, intraclast and
pyrite. Figure 4 shows the distribution o f the primary components in each sediment type.
The sedimentary structures include planar beds, wavy beds, asymmetric and symmetric
ripple laminae, hummocky cross beds, load structures, scours, sand dikes and
stromatolites. Sediment types 1 through 4 form upward-fining sequences in the lower
Newland Formation and are therefore discussed together in the Transported Sediments
section. Group I. Sediment types 5 and 6 are interbedded in the upper Chamberlain
Formation and are discussed in the Transported Sediments section. Group II. Sediment
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types 7 through 9 are discussed in die Precipitates section. Group HI.
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TRANSPORTED S E D D ^ N T TYPES
GROUP I: NEWLAND FORMATION
(1)

Intm clast Conglomerate

Description
The intraclast conglomerate sediment type includes soA-sediment deformed beds, chaotic
liquefied units and clast and matrix supported conglomerates. The clasts include all
sediment types described below, set mainly in a light gray dolo-micrite matrix. Silty black
shale and dolomitic gray shale (see below) clasts are most common, whereas silty micrite
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and sandstone (discussed below) clasts are rare. Intraclast conglomerate beds contain
mostly round to well-rounded clasts that are disc shaped parallel to original bedding.
Clasts range from 500p to 750p to lO’s o f centimeters. Shale and carbonate clasts bend
around other clasts. The pyrite clasts are typically more spherical and more rigid, though
still fairly well rounded. The intraclast conglomerate matrix is mostly light gray dolomicrite, although in some beds the matrix is black organic-rich mud. Intraclast
conglomerate beds range from 1 centimeter to several meters thick and make up hundreds
o f feet o f section locally in the Sheep Creek area.

\jtck ehale

1

naete vi

adomMcgray
eKale

eirWbt^ck61
er\B\e

a. Sheep Creek area core b. Intraclast conglomerate bed c. Pyritized
showing soft sediment composed of silty black shale
and silty
deformation in silty and dolomitic gray shale
overlying
black
shale
and
clasts in a dark clay and
dolomitic
dolomitic gray shale dolomicrite matrix. Core from
area,
beds.
Sheep Creek area.

intraclast conglomerate bed with pyrite
black shale clasts in a matrix with
silty black shale, dolomitic silt and
gray shale beds. Core from Sheep Creek

Figure 5. Intraclast C onglom erate Sedim ent Type

The thick units in the Sheep Creek area display slumps and sofr sediment deformation as
well as conglomerate beds (Figure 5a). Some bedding is largely intact, though rotated in
blocks several feet thick and disrupted with sofr sediment folds and micro-faults. With
increased deformation, these beds become broken and chaotic. The original bedding is
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obscured and subround to round clasts o f the broken beds appear to have been
deposited in a liquefied matrix, a kind o f “conglomeratic soup”. These liquefied beds
occur as thick units or cap some o f the thick conglomerate beds.
Figure 5b shows a thick conglomerate bed with subround silty black and gray shale
clasts in a clay and dolo-micrite matrix. Most thick conglomerate beds are poorly sorted
and unstratified with both clast and matrix support, whereas most thin conglomerate beds
are clast supported, better sorted and weakly graded (Figure 5c). The thin conglomerate
beds commonly grade upward into silty black shale beds and form the lowest parts o f the
upward-fining sequences (discussed below).
Depositional Processes
Soft sediment folds, rotated beds and micro-faults reflect slumping, whereas the
conglomerate beds and liquefied flow deposits reflect subaqueous debris flow processes.
Lowe (1976) inferred that liquefaction can occur before or after slope failure. He states
that the solid particles settle downward through liquefied flows, displacing the fluid
upward. This results in two-layer deposits like the conglomerate beds capped by the
liquefied sediments described above. Thick liquefied units may have resulted fi*om clastpoor flows or represent a facies distal to the two-layer deposits.
Likewise, the thick conglomerate units are closer to the source or represent fluid-poor
flow deposits. The thick conglomerate beds lack grading and have matrix and clast
support like subaqueous debris flows described by Mutti and Ricci Lucchi (1972) and
Nilsen (1984). The intraclast conglomerate sediment type contains textures similar to the
deposits described by Lowe and Mutti and Ricci Lucchi, which suggests conglomerate
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deposition resulted firom slumping and subaqueous debris flows.
Unlike the thick conglomerate beds, the thin conglomerate beds are mostly clast
supported, better sorted and only weakly graded, which may reflect deposition as bedload
fi*om decelerating flow. The thin intraclast conglomerate beds may be distal to the thicker
beds and/or smaller depositional events. Thin conglomerate beds commonly grade
upward into silty black shale, dolomitic silt and dolomitic gray shale (discussed below)
defining a upward-fining sequence. As first suggested by Zieg (personal communication),
these upward-fining sequences appear comparable to the classic Bouma turbidite
sequence (1962). This comparison is discussed in more detail after the silty black shale,
dolomitic silt and dolomitic gray shale descriptions.
(2)

Silty Black Shale

Description
Silty black shale is composed o f carbonaceous films with scattered silt grains and veiy
little clay. It forms planar laminae and beds that are mostly 1 to 3 cm thick, but range up
to lO’s o f centimeters thick. Although the carbonaceous black shale layers appear to be
composed o f crenulate continuous films, intervening ripple cross-laminated silt layers and
intraclast layers strongly suggests the carbonaceous material was transported as discrete
films and were amalgamated after deposition.
Silty black shale laminae and beds are typically interlayered with dolomitic silt and
dolomitic gray shale sediment types (described below), and form the coarser-grained
lower layers o f silty black shale-to-dolomitic gray shale couplets (Figure 6a). Bases o f the
couplets are sharp and planar except where intraclast conglomerate layers form the base
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o f an upward-fining sequence. The tops o f silty black shale laminae grade upward into
the dolomitic silt or dolomitic gray shale beds. Isolated carbonaceous films commonly
occur at that boundary.
The crenulate black interlaminae support 10% to 20% silt and fine sand grains (60jx lOOp), consisting o f quartz, feldspar, mica, and
carbonate. The carbonaceous films are opaque
with no apparent internal texture. The films
interweave to form a web-like texture with the silt
a. Planar silty black shale beds and dolomitic
gray shale beds.

grains and a clay and/or a micrite or dolo-micrite
matrix

(Figure

6b).

In

some

layers,

the

carbonaceous material makes-up the matrix and
supports scattered silt grains (Figure 6c).
Subangular to subround siliciclastic silt and fine
b. Photomicrograph of silty black shale
laminae with crenulate car^naceous films,
silt in a clay matrix, under plane polarized
light.

sand grains in the silty black shale are moderately
sorted and appear randomly scattered, though in
the upper portion o f some beds or laminae silt is
concentrated into <1 mm lenses. Less than 1%
detrital muscovite flakes generally parallel bedding
and are more common in the siltier black shale

c. Photomicrograph of silty black shale
laminae, under plane polarized light.

laminae. Although carbonate concentrates in the

Figure 6.

Sediment Type p dolomitic silt and gray shale layers (see below), it
comprises up to 10% o f the matrix and silt grains in the silty black shale. The carbonate
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grains appear detrital, although neomorphism o f the grains make original textures
difficult to distinguish.
Depositional Processes
Depositional processes o f the silty black shale beds are difficult to interpret. It is unclear
whether the silty black shale-to-dolomitic gray shale couplets represent single upwardfining sequences or whether the silty black shales are discrete beds between the normallygraded dolomitic silt and gray shale beds (discussed below). Three possible depositional
processes for silty black shale beds are as follows: (1) carbonaceous films and silt grains
were transported and deposited by small turbidity currents, (2) carbonaceous films and silt
grains were transported and deposited as hemipelagic sediments firom suspension or (3)
benthic microbial mats grew in situ and trapped silt grains fi*om suspension.
Turbidite deposition, in the first interpretation, is considered the most likely depositional
process because the silty black shale layers grade up to ripple cross-laminated silt and
shale layers. In addition, isolated films are mixed with transported silt, suggesting the
carbonaceous films were transported. In some places silty black shale layers overlie thin
intraclast layers and underlie dolomitic silt and dolomitic gray shale forming upwardfining sequences. This interpretation is discussed in more detail after the descriptions o f
the dolomitic silt and dolomitic gray shale sediment types.
In the hemipelagic interpretation, the carbonaceous films may have been cyanobacterial
carpets that were suspended in the water column. These films may have settled fi*om
suspension with wind-blown silt and clay grains and accumulated below wavebase at the
depositional interface. In this interpretation, the silty black shale layers represent
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background sedimentation interrupted by the graded dolomitic silt and gray shale layers
which were deposited by bottom currents.
The third interpretation, suggested by Schieber (1986), indicates silty black shale layers
are photosynthetic benthic microbial mats which colonized a shallow sea floor and
trapped silt grains and clay from suspension. Schieber interpreted the dolomitic silt and
graded gray shale beds as storm layers. This interpretation requires a shallow-water
setting within the photic zone, yet the absence o f symmetric ripples in the overlying
dolomitic silt layers suggest a probable sub-wavebase depositional environment. It is
possible cyanobacterial mats grew in situ below wave base, yet within the photic zone,
and captured windblown silt from suspension, or heterotrophic microbial communities
may have developed in the aphotic zone during the Precambrian. Workers show some
species o f cyanobacteria can grow in the dark (Carr & Whitton, 1973, p. 31), and Holm
and Hansen (1967) and Wittman et al (1965) report naturally occurring heterotrophic
aphotic cyanobacteria within soils. Still, it is more likely the silty black shale layers were
transported with the intraclast conglomerate, dolomitic silt and dolomitic gray shale
sediments in the upward-fining sequence (discussed below).
(3)

Dolom itic Silt

Description
Dolomitic silt forms grayish white lenses, wavy laminae, ripple trough cross laminae
and asymmetric climbing ripple laminae, composed o f detrital silt sized grains, in beds
mostly 0.25 cm to 5 cm thick (Figure 7). No symmetric ripples have been found.
Dolomitic silt beds and lenses occur above silty black shale layers and below dolomitic
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gray shale (discussed below) layers
in

the

(Figure

upward-fining
7b).

The

sequence
bases

are

moderately sharp with the underlying
silty black shale, but, as mentioned
above, some silt forms micro-lenses
a- Ripple trough cross bed o f dolomitic silt cut
transverse to flow in dolomitic gray shale
beds.

; ... K .'.

in the upper portion o f the silty black
shale beds. Likewise, a few isolated

i Jol omt t i c I ri ii\ S h a l e

carbonaceous films occur mainly in

Di>li>niiiic Sill

the lower portion o f the dolomitic silt

'

beds. The tops o f dolomitic silt beds
grade upward into the overlying

a Close-up o f Sheep Creek core showing
interlayered silty black shale, dolomitic silt
and dolomitic gray shale forming upward
fining sequences.

dolomitic gray shale beds (Figure
7b). The silt grains are <90p and
composed o f mixtures o f mostly
siliciclastic

quartz,

feldspar

and

muscovite with up to 50% dolomitic
silt
c

Photomicrograph of dolomitic silt bed under
crossed nicols.

grains.

Moderately

sorted

subangular grains o f 50% to 60%
quartz, 20% to 40% feldspar and 1%

Figure 7. Dolomitic Silt Sediment Type
to

3% muscovite make up the

siliciclastic grains. Most quartz grains show undulose extinction and feldspar grains are
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clear with very little alteration. The muscovite grains generally parallel bedding, are
less rounded and a little larger than the quartz, feldspar and carbonate grains (~125p,).
The carbonate grains are subrounded and essentially the same size as the siliciclastic
grains, indicating they were transported and deposited with the silt beds.
Depositional Processes
Current ripple cross laminae are evidence the dolomitic silt beds were deposited as bed
load in the lower flow regime. Because the current cross-laminated dolomitic silt and
graded dolomitic gray shale beds blend together and generally fine upward, they were
deposited in single events by periodic currents which deposited the larger grains first in
the lower flow regime and deposited the graded gray shale layers from suspension as
currents slowed. The intraclast conglomerate and silty black shale beds form coarser
graded layers below many dolomitic silt layers.
(4)

Dolom itic Gray Shale

Description
Dolomitic gray shale forms medium to light gray, mostly carbonate-bearing clay shale
beds and laminae, which weather tan or gray. The planar shale layers range from <1 cm to
approximately 30 cm thick, although most form layers <1 cm to 3 cm thick (Figure 8a).
Dolomitic gray shale layers cap the dolomitic silt or silty black shale layers to form the
tops o f upward-fining sequences. Tops o f dolomitic gray shale beds are mostly sharp and
planar and/or truncated by the overlying beds. The bases are planar or slightly wavy. They
form moderately sharp boundaries with underlying silty black shale beds or blend into
current cross-laminated dolomitic silt beds and lenses.
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1%
c

iu

a. Planar dolomitic gray shale and silty black shale interbeds.

b. Photomicrograph of dolomitic
gray shale above silty black
shale laminae under plane
polarized light..

Figure 8 , Dolomitic Gray Shale Sediment Type
The dolomitic gray shale beds contain very fine grained (< 60p.) quartz, feldspar, mica
and calcite silt grains set in a micrite and/or clay matrix. Oriented clay in the mud layers
show preferential extinction in thin section, parallel to the cross hairs. Diagenetic pyrite is
common and occurs as fine-grained football-shaped blebs a few millimeters long parallel
to the bedding. The beds are grain-supported and normally graded, though carbonate-rich
shale is finer grained and more massive, with fine grains supported in a micritic matrix or
pseudo-matrix (Figure 8 b). Isolated black carbonaceous films, sub-parallel with bedding,
commonly occur at the bases o f dolomitic gray shale beds.
Depositional Processes
The normal grading in the planar-laminated dolomitic gray shale beds indicate that the
fine siliciclastic and carbonate grains, carbonaceous films, clay and micrite were
episodically transported in suspension and deposited as the currents decelerated. The clay
particles settled parallel to the depositional interface and/or were aligned with bedding
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during compaction. Dolomitic gray shale cap the upward-fining sequences o f intraclast
conglomerate, silty black shale, dolomitic silt and dolomitic gray shale sediment types
(Figure 9). They are the fine-grained sediments deposited as the current subsided. The
very fine-grained tops o f the dolomitic gray shale layers may be hemipelagic sediments
deposited on the tops o f the graded layers after the currents subsided.
Discussion o f Group I Sediment Types

bitraclast conglomerate (A), silty black shale (B), dolomitic silt (C) and dolomitic gray shale (D) define upwardfining sequences in lower Newland sediments. Core &om Sheep Creek area. (Photograph firom G. A. Zieg)

Figure 9
The intraclast conglomerate, silty black shale, dolomitic silt and dolomitic gray shale
form upward-fining sequences in the lower Newland rocks (Figure 9). Intraclast
conglomerates are subaqueous debris flow and liquefied gravity flow deposits. The ripple
laminated dolomitic silts layers were deposited by currents in the lower flow regime and
fine upward to graded dolomitic gray shale layers, deposited from suspension by
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decelerating currents. The occurrence o f the silty black shale layers between the debris
flows and the current ripple laminated silt and shale layers, strongly suggest they were
deposited by the same currents. Isolated films mixed with the transported silt and shale
fraction also suggest the carbonaceous films were transported. I believe this is evidence
these upward-fining sequences represent a single depositional event. I interpret these as
subaqueous debris and gravity flow deposits.

Sediment Types

Dolomltlc
Gray Shale

Bouma (1 9 6 2 )
Divisions

Interpretation

Pellte

Pelagic Sedimentation

Massive or
Graded Tuiiddite

Fine Grained.
Low Density Turbldlte
Current Deposition

Upper Parallel Laminae

?

?

?

Dotomltlc Silt

Rippled. Wavy or
Convoluted Laminae

Lower Part of
Lower Row Regime

Silty Black Shale

Plane Parallel Laminae

Upper How Regime
Plane Bed

Massive.
Graded

Upper and/or Lower
Flow Regime, Slumps
and Debris Hows

( »
Intraclast
Conglomerate

Figure 10. Comparison of lower New and upward-fining sequence with Bouma
______________________ Divisions and Interpretations______________________

Zieg (personal communication) first suggested the planar laminated lower Newland
carbonates were deposited by debris and turbidite flows. He suggested this sequence is
analogous to the classic Bouma turbidite sequence, T& - T* (Bouma, 1962). In this model
the thin intraclast conglomerate (T J, silty black shale (Ty) and dolomitic silt (T J were
deposited as the bed load fic tio n in the upper and lower flow regime and the dolomitic
gray shale (Tj) was deposited from suspension by turbidity currents (Figure 10). Nelson
and Nilsen (1984) show that more complete sequences occur proximal to the source and
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less complete, finer grain sequences occur distal to the source. The upward-fîning
sequences in the lower Newland are mostly incomplete. Silty black shale-to-dolomitic
gray shale couplets are most common, silty black shale-dolomitic silt-dolomitic shale
triplets are next, and complete sequences are least common. This suggests that in the
turbidite model, the silty black shale-to-dolomitic gray shale couplets are the distal

PROXIMAL

■>

D IS T A L

D o lo m itic
G ra y S h a le

D o lo m itic
S ilt
S i l ty B la c k
S h a le

In tra c la & t
C o n g lo m e ra te

Figure 11. Diagram showing upw ard-fining sequences in the low er N ew land Fm,
with m ore com plete sequences proxim ate to source. Intraclast conglom erate, silty
black shale, dolomitic silt and dolom itic gray shale sequences are proximal; silty
black shale and dolom itic gray shale sequences are distal._______________________
turbidite deposits (Figure 11).
This interpretation requires that the silt grains and carbonaceous films in the silty black
shale layers are hydrodynamically equivalent grain sizes, or the silt grains are attached to
the carbonaceous films during transport, to be deposited together. Assuming the
carbonaceous films behave in hydraulic equivalence with lOOp, quartz grains, a question
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that arises is, how large would the less dense carbonaceous films be. The carbonaceous
film size can be estimated by using Stoke's Law, Wg = gd^(p$ - p)/18u, where Wg is settling
velocity, g is gravitational acceleration, d is grain diameter, pg is particle density, p is
water density and u is kinematic viscosity. The equation does not account for turbulence,
grain morphology or grain sizes greater than -lOOp, but it gives a good estimate for the
minimum grain size o f the carbonaceous films.
So, if g = 980 cm/sec^, d = 0.01 cm, p$ = 2.65 g/cm^ for silica, p = 1 g/cm^ for water,
and u = 0.01 cma/sec, then w$ is 0.8983 cm/sec for 100// quartz grains. Using this settling
velocity and solving Stoke’s equation for an organic particle diameter, d = [w, ’ 18(u) / g
(pg - p)]*^, the minimum grain diameter for the carbonaceous films in hydraulic
equivalence wifii 100// quartz is 214//. This is with a density of, p$ = 1.36 g/cm^ for
proteinous material in cyanophytes (Jones & lost, 1970). The actual particle diameter for
the carbonaceous films would probably be larger because the carbonaceous films are flat,
increasing the surface area, and turbulence effects larger grains. The films could be
smaller if silt and clay grains were attached to the films during transport I believe this
relationship indicates that the carbonaceous films and silt grains are hydrodynamically
equivalent within the parameters observed in the silty black shale layers.
The Bouma turbidite model requires that the silty black shale plane beds were deposited
in the upper flow regime (Figure 10), yet the carbonaceous films would have likely
disintegrated in a high energy flow. A more likely hydrodynamic interpretation is that the
silty black shale was deposited as plane beds in the lower flow regime. Carbonaceous
films may have increased the viscosity o f the flow, or the silt grains were attached to the
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Sticky carbonaceous films during transport and the larger heavier particles were
deposited first as lower plane beds because the carbonaceous films were too large to form
ripples. Then the cohesive flat layers were resistant to modification by currents in the
lower flow regime that deposited the overlying current cross-laminated dolomitic silt
beds. This interpretation accounts for the occurrence o f silty black shale between the
intraclast conglomerate and the dolomitic silt and gray shale beds in the upward-fining
sequence. As well, it explains the occurrence o f the silt and carbonaceous films in the
same layers, the randomly distributed silt grains in the black layers and the planar bedding
in the silty black shale.
GROUP n : CHAMBERLAIN FORMATION
Group II is represented by the clayey black shale and sandstone sediment types
characteristic o f the upper Chamberlain Formation. The clayey black shale is discussed in
the Transported Sediment section, based on the siliciclastic constituents. Some o f the
carbonaceous films in the shale may have grown in place or in the water column.
(5)

Clayey Black Shale

Description
Clayey black shale forms

1

mm to 1 cm thick wavy carbonaceous layers that contain

carbonaceous films, detrital muscovite and dark gray clay interlaminae and lenses. The
clay fraction, which makes up 20% to 75% o f the sediment, is very dark gray and difficult
to distinguish from the carbonaceous black laminae under a hand lens. The shale parts
along the irregular carbonaceous laminae, and 5% to 15% detrital muscovite flakes give
the shale a sparkle in sunlight. Clayey black shale layers form thick units or are
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interbedded with the sandstone and silty micrite sediment types (discussed below).
Figure 12 shows typical clayey black shale beds in core and a photomicrograph.

> A,

a Clayey black shale beds with fine grained
sand laminae in Sheep Creek core.

b. Photomicrograph under plane polarized
light, o f clayey black shale bed overlying
fine grained sandstone.

Figure 12. Clayey Black Shale Sediment Type
Although the clayey black shale sediment type contains similar constituents to those o f
the silty black shale, it forms wavy laminae and beds, lacks carbonate, contains more clay
and more detrital muscovite. In addition, the black carbonaceous laminae and
carbonaceous films in the clayey black shale are concentrated with the clay instead o f
with the silt and fine-grained sand, as in the silty black shales (Figure 12). The clayey
black shale layers are more fissile than the silty black shale beds, probably because o f the
elevated clay content.
The clayey black shale beds contain abundant filamentous and spherical microfossil
bacteria and/or cyanophytes (Horodyski, 1980). Horodyski described small (<12.5(i)
filaments which resemble sheaths o f oscillatoriacian cyanophytes or filamentous bacteria
and larger (40ji) filaments that probably represent nostocalean cyanophytes. He also
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described spheroidal forms (12(X - 440fx) similar to sphaeromorphs from Proterozoic
shales in the Soviet Union, Sweden, Australia and Canada. The sphaeromorphs are o f
uncertain biologic affinities and could represent prokaiyotic or eukaryotic organisms.
Depositional Processes
The carbonaceous material in the clayey black shale layers is probably produced in part
by the forms described by Horodyski (1980). According to Horodyski, the sphaeromorphs
are probably planktonic, whereas the filaments are benthic or planktonic. So it is not clear
whether the carbonaceous films settled from suspension with the clay and muscovite or
grew on the depositional surface. However, the clay and muscovite indicate the
carbonaceous layers accumulated in a relatively quiet setting. Wavy laminations in the
shale indicate deposition within wave base and the lack o f desiccation features indicate
perennial subaqueous conditions.
(6 )

Sandstone

Description
The sandstone sediment type forms thickening and thinning light gray to nearly white
beds, laminae and lenses, mostly 1 cm to 5 cm thick. However, they range from <1 cm to
~30 cm thick. Sandstone beds are interstratified with die clayey black shale beds and
contain poorly developed symmetric and asymmetric ripples, scours, sand dikes, load
casts and scattered hummocky cross strata. Post depositional compaction deformed and
offset bedding in most sand beds at the Sheep Creek area (Figure 13a). The top o f the
sand beds are distinct boundaries or grade upward into thin sand and clayey black shale
laminae (Figure 13a). Bases o f the sand beds are sharp and are marked by scours, load
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casts and few sand dikelets that cut into the underlying shale beds.
The sand is mostly fine-grained, 60|i to 150fx, moderately sorted and grain supported
with varying amounts o f clay in the matrix. Most sand grains are subangular to subround.

a Clayey black shale
beds with sandstone
interbeds in Sheep
Creek core.

b. Photomicrograph, under plane
polarized light, of bimodal sandstone
with clayey black shale intraclast.

c. Photomicrograph, under crossed nicols,
o f sandstone with >50% carbonate
grains. Note oolite in center.

Figure 13. Sandstone Sediment Type
composed o f 50% to 70% quartz, 20% to 30% feldspar, <3% muscovite and <1% chert.
Some sands are bimodal and contain well rounded, coarser (250p to 550p) common and
composite quartz grains (Figure 13b). The larger grains form poorly defined laminae and
lenses within the finer grained sandstone beds. Few carbonaceous fîlms occur in the sand
beds. Rare sandstone beds in the Sheep Creek area contain up to 50% round peloidal
calcitic intraclasts and oolite grains in grain-supported sparry calcite-cemented beds
(Figure 13c).
Depositional Processes
Symmetric ripples in the wavy sandstone beds and lenses indicate the sands were
deposited above wave base, and the hummocky cross stratification developed fiom
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oscillatory flow with long periods, probably during storms. This indicates episodic
wave-generated and storm-generated currents deposited the sandstone interbeds in clayey
black shale layers. After deposition, the sands settled into the underlying clayey black
shale, forming the load structures and sand dikes.
The subangular fine-grained sands probably reflect less transport than the coarser well
rounded quartz grains and were probably derived firom a local source. Likewise, the
carbonate grains were derived fi*om a nearby shallow carbonate ramp or beach. The
coarser, rounded grains, on the other hand, reflect more transport and a more distal
source. These grains may be second cycle and derived firom the Neihart sandstone.
Discussion o f G roup II Sedim ent Types
Clayey black shale and sandstone occur interbedded in the upper Chamberlain
Formation. The presence o f clay and muscovite grains indicate the carbonaceous layers
accumulated in a relatively quiet setting, compared to the wave ripple-laminated
sandstone interbeds. This indicates episodic, wave-generated currents transported the
sands from local shallow-water areas and re-deposited them with the clayey black shale
beds within wave base. Therefore, the clayey black shale with sand interbeds is
considered a facies landward o f the sand-poor clayey black shale.
The clayey black shale and sandstone beds in the upper Chamberlain are a probable
source for the siliciclastic grains and carbonaceous films in the upward-fining sequences
in the lower Newland, interpreted as debris flows and micro-turbidite deposits. The
clayey black shale beds are a probable source for the carbonaceous films in silty black
shale layers and the sandstone beds are a probable source for the siliciclastic fraction o f
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the silty black shale and the dolomitic silt beds. The carbonate constituents in the
upward-fining sequences were probably derived from the silly micrite beds, a shallowwater carbonate precipitate, or stylolitic micrite, a deeper water carbonate, discussed in
P a rtin .
PRECIPITATED SEDIMENT TYPES
GROUP m
Group

ni includes the silty micrite, stylolitic micrite and bedded pyrite sediment types.

The carbonate precipitated at the depositional interface and the pyrite precipitated either
at the depositional interface or through early diagenetic processes in loosely consolidated
sediments. The silty micrite forms interbeds with the clayey black shale in the upper
Chamberlain Formation. The stylolitic micrite and pyrite forms interbeds in the upwardfining sequences in the lower Newland Formation.
(7)

SUty Micrite

Description
The silty micrite sediment type is tan weathering, light to medium gray silty micrite and
microsparite in wavy beds 1 cm to 100 cm thick. Angular rip-up clasts and fragmented
thin micrite beds occur in the lower parts o f some thick micrite beds (Figure 14a). Thin
micrite beds commonly cap the thick beds and a few contain ctyptalgal laminae and small
low-domed stromatolites (Figure 14b). Intervals o f silty micrite are mostly interstratified
with clayey black shale intervals, though a few silty micrite beds occur in the silty black
shale and dolomitic gray shale sediment types in lower Newland at the Sheep Creek area.
The micrite and microsparite matrix supports siliciclastic silt grains and carbonaceous
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a. Plan view of
b. Small, low-domed stromatolites
c. Photomicrograph o f silty micrite,
d. "Molar-tooth"
intraclasts in
in silty micrite beds.
under plane polarized light, with red
structures in
silty micrite bed. Knife is 4".
stains showing dolomitization on the
silty micrite
Knife is 4”______________________________________ right.______________________________ beds.________

Figure 14. Silty Micrite Sediment Type

films. Subangular to subround 60|i to 90|X quartz, feldspar and muscovite silt grains make
up 10% to 20% o f the rock (Figure 14c). Silt grains are weakly graded in the thin silty
micrite beds, but not in the thicker beds. Thin carbonaceous films comprise 1% to 5% o f
the sediments in the silty beds and mostly lie sub-parallel to bedding.
Thick silty micrite beds commonly contain “molar-tooth” ribbons and blobs, which are
microspar calcite-fîlled ovoid and bladed voids. The “molar-tooth” structures in the thick
beds are mostly vertically oriented ribbons (Figure 14d), but tend to level out and parallel
bedding planes at the interface with thinly bedded silty micrite caps.
Depositional Processes
The ciyptalgal laminae, rip-up clasts and wavy bedding indicate the silty micrite beds
developed in shallow-water areas. The thin silty micrite beds contain the rare ctyptalgal
laminae and small low-domed stromatolites. The carbonate precipitated in shallow water
super-saturated with respect to [Ca^ ] and 2 IHCO 3’] and the matrix-supported silt grains
and carbonaceous films were incorporated in the precipitate from suspension. Wind
and/or water transported the silt grains, whereas the carbonaceous frlms probably settled
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firom the water column or were current-transported firom microbial layers in the clayey
black shale.
Fumiss (1990) interpreted “molar-tooth” structures in the Chamberlain and Helena
Formations to be biogenic gas expansion bubbles and cracks that were filled with
microspar cement before compaction. They apparently develop in the thicker silty micrite
beds in the upper Chamberlain, suggesting that relatively quick burial during a single
depositional event is a prerequisite.
(8)

Stylolitic M icrite

a. Crenulate stylolites in
micrite bed. Core from
Sheep Creek.

b. Photomicrograph under planar
polarized l i ^ t , of very fine silt
grains supported in a micrite
matrix. Sheep Creek area.

c. Photomicrograph under cross nicols, o f
neomorphism in stylolitic micrite beds from
Sheep Creek area.

Figure 15. Stylolitic Micrite Sediment Type

Description
The stylolitic micrite sediment type forms massive light gray micrite beds which contain
black carbonaceous stylolites mostly sub-parallel to bedding. The stylolites are crenulate
black 1 mm to 2 mm laminations which define tabular beds, 3 cm to ~10 cm thick (Figure
15a). Some stylolitic micrite beds contain rounded elongate black chert nodules that lie
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subparallei to bedding.
In thin section, the limestone beds are more than 90% aphanitic micrite with very fine
black carbonaceous films and less than 10% very fine silt grains. The silt grains are
mostly less than 60p and supported in the carbonate matrix (Figure 15b). No grading was
noted. Neomorphism obscures the fine-grained carbonate textures in some beds in the
Sheep Creek area (Figure 15c).
Stylolitic micrite beds contain 1 cm to 2 cm oval carbonate pockets or tubes, defined by
a slightly lighter gray color and stylolitic boundaries within the micritic matrix. Within
the tubes very fine carbonaceous films are chaotic rather than sub-parallel to bedding.
These features are similar to pressure dissolution structures described by Zieg (1981) in
the upper Newland limestone, which he interpreted to have been water escape routes
during compaction o f the wet carbonate mud.
Depositional Processes
The massive aphanitic texture and the absence o f traction transport structures indicate
the fine-grained stylolitic micrite beds developed from hemipelagic deposition o f
carbonate precipitate. The few silt grains and very fine carbonaceous films probably
settled from suspension. Dissolution during compaction developed the crenulate stylolitic
boundaries and water-escape tubes. The stylolites were probably thin black carbonaceous
laminae which accumulated during reduced carbonate production, or as a result o f an
increased rate o f carbonaceous film deposition, and formed relatively impermeable
boundaries. The black chert nodules formed in the unconsolidated sediments from silicabearing solutions, possibly remobilized during compaction.
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(9)

Bedded Pyrite

Description
Extensive gossans are the surface expression o f the bedded pyrite in the Sheep Creek
area (Figure 16a). In drill core, fine-grained pyrite laminations and beds range from a few

J H
a. Gossans developed in bedded pyrite at Sheep Creek area.

b. Bedded Pyrite in
Sheep Creek core.

Figure 16. Pyrite Sediment Type
mm to >10 cm thick. Fine-grained pyrite occurs as tabular, flat or slightly wavy interbeds
in the upward-fining intraclast conglomerate-to-dolomitic gray shale sequences or as
massive units with beds outlined by black stylolitic-like partings (Figure 16b). The
massive units are hundreds o f feet thick in the central Sheep Creek area.
Under a hand lense, the fine-grained pyrite has a mottled or framboidal texture. Himes
and Petersen (1990) recognized 11 distinctive micro-textures in the pyrite from the Sheep
Creek area. According to Himes and Petersen, the pyrite crystallites range from Ip to 25p
and display anhedral to euhedral crystal habits. Himes and Petersen suggest most pyrite

35

formed through early diagenetic processes in loosely consolidated sediments, however
some pyrite probably precipitated near black smokers at the depositional interface.
Coarse-grained euhedral pyrite is considered diagenetic because it occurs with calcite and
quartz veins and fîlls firactures and voids in intraclast conglomerate beds.
Depositional Processes
Iron-rich waters, probably from Precambrian growth faults, combined with reduced
sulfur in the water column or the sediments to precipitate the pyrite. Light sulfur isotope
signatures (Strauss & Schieber, 1990) in the fine-grained pyrite from the Newland rocks
indicate the pyrite probably formed with sulfur from bacterially reduced sulfate. Clearly,
the fîne-grained pyrite formed early, because pyrite beds and clasts are incorporated in
soft sediment slumps and intraclast conglomerate beds in the area.
Discussion o f G ro u p i n Sedim ent Types
Silty micrite, stylolitic micrite and pyrite are precipitates which form discrete beds in the
otherwise transported sediments o f the upper Chamberlain and lower Newland sections.
Silty micrite forms thick-bedded units in the upper Chamberlain clayey black shale. These
shallow-water carbonates may be a source for the dolomitic silt grains in the microturbidite sequences in the lower Newland Formation. Stylolitic micrite forms interbeds in
the lower Newland debris flow and micro-turbidite deposits.
Pyrite forms interbeds in the lower Newland debris flow and micro-turbidite deposits, as
well. The carbonate precipitates accumulated at the depositional interface, whereas the
pyrite precipitates probably developed within loosely consolidated sediments and at the
depositional interface. Unlike the carbonate precipitates, the pyrite precipitates are
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exhalites, probably vented along the Volcano Valley fault and associated structures.
STR A TIG RA PH Y
Upper Chamberlain and lower Newland sections in the Sheep Creek and Neihart areas
were described in terms o f the above sediment types. Because o f limited outcrop
exposure, the most complete sections are in drill cores from the Sheep Creek area.
Correlation o f Sheep Creek sections with Neihart outcrop sections are complicated by
approximately 10 miles o f Phanerozoic cover and at least two Proterozoic faults that
separate the areas. Therefore, the Sheep Creek sections are discussed and correlated first,
then the Neihart sections are discussed and correlated with Sheep Creek.
SH EEP C R E E K AREA
G eneral Geology
The Sheep Creek property is approximately 20 miles north o f White Sulphur Springs,
MT in the southwestern Little Belt Mountains (Figure 1). Low, tree-covered hills and
wide valleys have few outcrops o f Chamberlain and Newland rocks. The property lies
adjacent to the Volcano Valley fault on gossans developed in pyrite units in the Newland
limestone. The Volcano Valley fault juxtaposes Chamberlain and Newland rocks to the
south against Paleozoic rocks to the north (Figure 17).
Present up-to-the-south reverse offset o f the Volcano Valley fault is a result o f
reactivation o f a down-to-the-south Proterozoic fault zone during Laramide compression
(Godlewski and Zieg, 1984). Drill hole sections at Sheep Creek show a low angle fault
dissects a high angle normal fault (Figure 17), named the Buttress fault by Cominco
workers (Zieg, et al., 1991). There is net normal movement relative to Proterozoic rocks
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on the Volcano Valley and Buttress faults and net reverse movement relative to
Paleozoic rocks, suggesting both faults were active in the Proterozoic. Blocks o f
crystalline basement rocks within the fault zone may reflect strike-slip movement along
the fault system, as well (Zieg, et al., 1991). Most drill hole intercepts o f the upper
Chamberlain and lower Newland strata are in a block bound by the high and low angle
faults (Figure 17).
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Figure 17. Generalized cross section looking east in central Sheep Creek area.

Over 100 core drill holes have been drilled in the Sheep Creek Property along more than
20 miles o f the Volcano Valley and Buttress faults. For this study, I selected 27 drill holes
that intersected upper Chamberlain and lower Newland strata where the degree o f
structural deformation, mineralization and associated siliciflcation and dolomitization did
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not obscure the stratigraphy. The drill hole sections are divided into 4 areas at the Sheep
Creek Property, from east to west: (1) the Strawberry East area, (2) the Strawberry Butte
area, (3) the Black Butte area and (4) the Horse Prairie area (Figure 18). Most drill holes
concentrate around copper and cobalt mineralization in the Strawberry Butte and
Strawberry East areas.
Strawberry East Area
There are 13 drill holes included in the Strawberry East area. Most drill holes cluster
within 1 mile southeast o f Strawberry Butte (Figure 18). SC-101 is the eastern-most drill
hole, about 4 miles east o f Strawberry Butte, and BS-1 and BS-2 are approximately 2
miles to the south, across the Volcano Valley fault. Figure 19 is a fence diagram o f the
Strawberry East area with the Chamberlain-Newland boundary (described below) as a
datum.
Most drill holes terminate in clayey black shale with laminae and thin interbeds o f silt
and fine-grained sand o f the sandstone sediment type. Silt and fine-grained sand beds
thicken in the northwest part o f the area and thin to the south in BS-1 and BS-2. They
pinch out altogether to the east in SC-101, which is composed o f clayey black shale with
silty micrite interbeds.
The silty micrites are mostly thin beds ( < r ) , which persist to the south in BS-1 and BS2 and thin and decrease in numbers to the west as sand interbeds increase. The silty
micrite beds in the Strawberry East area, and for that matter, the Sheep Creek area in
general, develop "molar-tooth" structures less commonly than those in the thicker silty
micrite beds in the Neihart area.
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The clayey black shale, silty micrite and fine-grained sandstone grade upsection into
planar laminated, upward-fining thin intraclast conglomerate, silty black shale, dolomitic
silt and dolomitic gray shale graded sequences, interpreted as micro-turbidites. They also
contain stylolitic micrite, thick intraclast conglomerate and pyrite interbeds. This
represents the transition from Chamberlain lithologies, deposited above storm wave base,
to Newland lithologies, deposited below storm wave base.
Though not evident in the fence diagram, the thin intraclast conglomerate, silty black
shale and dolomitic silt layers, in the micro-turbidite sequences, thin and decrease to the
south in BS-1 and BS-2, whereas the dolomitic gray shale beds increase and thicken. This
suggests the turbidity flows transported the sediments southward and the coarser bedload
fiaction decreased away from the source, where graded dolomitic gray shale beds with
thin silty black shale laminae were deposited by low density gravity flows.
The stylolitic micrite interbeds between the micro-turbidite layers cluster in the drill
holes in the northwest Strawberry East area. They decrease and thin to the east in SC-101
and are absent in BS-1 and BS-2 to the south. These micrite interbeds generally thicken to
the west and interfinger with the thick intraclast conglomerate interbeds.
Thick intraclast conglomerate interbeds occur mostly in the lower Newland at the
Strawberry East area. They increase in the western part and thin and decrease eastward in
drill holes SC-8 8 , SC-72, SC-82, SC-74 and SC-84. They continue to diminish southward
in BS-1 and BS-2 and to the east in SC-101. In SC-89, a conglomerate bed interfingers
with the uppermost Chamberlain clayey black shale and sandstone beds.
Like the intraclast conglomerate, frne-grained pyrite beds increase and thicken to the
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west. The pyrite beds generally concentrate near the thick conglomerate beds in the
lowest part o f the Newland section, but also form interbeds in the micro-turbidite
deposits. The pyrite and intraclast conglomerate beds increase and thicken to the west,
into the Strawberry Butte and Black Butte areas.
Strawberry Butte Area
Most known copper and cobalt mineralization is in the Strawberry Butte area, which
therefore hosts the greatest drill hole density. However, few drill holes intersect upper
Chamberlain and lower Newland strata below the Volcano Valley fault (Figure 17). The 7
selected drill holes intersect upper Chamberlain and lower Newland lithologies with
minimum structural deformation or chemical alteration (Figure 20).
The clayey black shale beds in the upper Chamberlain at the Strawberry Butte area
contain thicker sandstone interbeds than in the Strawberry east section, but the black
shales become sand-poor in SC-49 and SC-20. This indicates that the quantity and
thickness o f sand interbeds vary within a few 100 feet laterally, as well as generally
decreasing to the east.
Clayey black shale beds in the Strawberry Butte area have few or no silty micrite
interbeds. However, in SC-8 to the south, ‘‘molar-tooth”-bearing silty micrite beds and
clayey black shale occur within the planar laminated lower Newland Formation.
Apparently, the clayey black shale, silty micrite and fine-grained sand, typical o f the
Chamberlain Formation, interfinger with planar-laminated sediments assigned to the
lower Newland in this area.
The planar laminated Newland Formation in the Strawberry Butte area contain stylolitic
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micrite, intraclast conglomerate and pyrite interbeds. The stylolitic micrite beds pinch out
to the south, as evident in SC-8. The intraclast conglomerate beds decrease and thin to the
south and the east. Pyrite, interbedded with the conglomerate in the lowest Newland
section, decreases and thins to the south and the east, as well.
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Black Butte Area
The Black Butte section includes 4 drill holes that intersect upper Chamberlain and
lower Newland strata (Figure 18). SC-43, SC-54 and SC-11 cluster near Black Butte, SC44 is about 2 miles to the west. Figure 21 is a fence diagram o f the area.
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The upper Chamberlain clayey black shale beds contain thick sandstone interbeds in
SC-43, adjacent to the Strawbeny Butte area, and to the west in SC-44, but the sand beds
are absent in SC-54 and SC-11 in the central Black Butte area. This may indicate that the
sandy intervals pinch out in that distance, like the variable sand content in the Strawberry
Butte drill holes, or that the sandy section in SC-43 and SC-44 is cut out by faults in SC54 and SC-11. The silty micrite beds, present in upper Chamberlain clayey black shale
sections to the east, are absent in the Black Butte area drill holes, except in a probable
slump block within intraclast conglomerate beds at the base o f the lower Newland section
in SC-43.
Thick intraclast conglomerate units, that dominate the lower Newland section in the
eastern drill holes, thin and decrease to the west in SC-44. They are interstratified with
the planar laminated silty black shale, dolomitic silt and dolomitic gray shale layers. Like
the conglomerates, the silty black shale and dolomitic silt laminae thin and decrease to the
west, resulting in a lower Newland section o f mostly dolomitic gray shale with thin silty
black shale laminae.
The lower Newland section contains a few pyrite interbeds and 1 stylolitic micrite bed
in the Black Butte drill holes. The stylolitic micrite bed is above a intraclast conglomerate
unit in SC-11 and may be slumped into position. The few pyrite beds occur with intraclast
conglomerate beds at the base o f the lower Newland plane beds in SC-11 and SC-44.
H orse P rairie A rea
Two drill holes, SC-67 and SC-93, at Horse Prairie are the westernmost intercepts o f the
Chamberlain-Newland boundary in the Sheep Creek area (Figure 18). Lower Newland
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rocks are exposed to the west o f Horse Prairie in cliffs on the Smith River, south o f the
confluence o f Beaver Creek (Figure 2). In the cliffs, the lower Newland section is mostly
planar laminated dolomitic gray shale beds with thin silty black shale laminae. The base
o f the Newland is not exposed, but structurally deformed sand-poor Chamberlain clayey
black shale beds crop out on Beaver Creek, stratigraphically below the Newland
limestone cliffs and adjacent to, or in, the Volcano Valley shear zone. It is unclear
whether the deformed black shale beds are contiguous with the lower Newland section or
are separated by the fault.
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Figure 22 is a fence diagram o f the Horse Prairie area. The upper Chamberlain clayey
black shale beds contain interbedded wavy sandstone laminae and lenses up to 4” thick.
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N o silty micrite beds were noted at Horse Prairie, but there were a few brown carbonate
clasts or layers (<1”) within the sand and clayey shale beds that may be distal fingers o f
the silty micrite beds to the east and north.
The planar laminated lower Newland Formation at Horse Prairie is mostly dolomitic
gray shale with thin silty black shale laminae. It contains stylolitic micrite and Intraclast
conglomerate, but few pyrite interbeds. The stylolitic micrite beds occur at two horizons
in SC-67, similar to the micrite interbeds in the lower Newland sections at Strawberry
East. One micrite horizon is probably faulted out to the west in SC-93 and the micrite
beds are absent or not exposed at the Smith River outcrop section. The intraclast
conglomerate beds are thinner and fewer, as in SC-44 in the western Black Butte area.
Sheep C reek C orrelations
Upper Chamberlain rocks in the Sheep Creek area are characterized by the clayey black
shale beds. The shale contains sandstone interbeds that generally decrease and thin
eastward from Horse Prairie to Strawbeny East and pinch-out in SC-101, the easternmost
drill hole intercept at Sheep Creek. These sand-poor clayey black shale beds, in the
eastern upper Chamberlain sections, contain silty micrite interbeds that generally thin and
decrease to the south and the west. These Chamberlain lithologies interfinger with planar
laminated beds low in the Newland Formation in SC-8, south o f Strawbeny Butte. This is
apparently a recurrence o f Chamberlain conditions within the Newland.
This transition, from sediments above storm wave base to those below storm wave base,
coincides with the deposition o f thick intraclast conglomerate interbeds in the planarlaminated lower Newland Formation. The thick conglomerate beds dominate the lower
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part o f the Newland section, adjacent to the Buttress fault in the central Sheep Creek
area and thin and decrease in numbers to the south, east and west, away from the fault.
Pyrite is interbedded with the intraclast conglomerate in the lower Newland near the fault
and also decreases to the south, east and west. The localization o f syn-sedimentary debris
flow deposits adjacent to the Volcano Valley and Buttress faults suggest intraclast
conglomerates were transported down a subaqueous slope created by the faults.
Localization o f the conglomerates in the central Sheep Creek area suggest deposition was
restricted or controlled by a subaqueous canyon or canyons. The spatial relationship o f
the conglomerate and pyrite beds suggest metal bearing fluids, migrating up the fault,
preferentially vented through the conglomerate beds, and possibly in the subaqueous
canyon(s).
Stylolitic micrite beds in the lowest Newland Formation at Strawberry East and Horse
Prairie are absent in the conglomerate-bearing sections in the central Sheep Creek area.
These carbonates either precipitated in shallower water on the slope near the canyon(s)
and pinch out down slope where intraclast conglomerate beds were deposited or the
subaqueous debris flows removed the stylolitic micrite beds during deposition.
NEIHART AREA
General Geology
Tree covered hills in the Little Belt Mountains near Neihart restrict Chamberlain and
Newland outcrops mainly to the creek banks. The overlying Paleozoic rocks form ridges
and cliffs. Figure 2 shows the general geology in the area. The lower part o f the
Chamberlain Formation, at die mouth o f Jefferson Creek, contains thick sand beds with
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clayey black shale interbeds. The thick sand beds gradually thin and decrease in number
upsection resulting in a fairly massive clayey black shale interval with few interbedded
silt and sand lenses and thin beds in its upper part, exposed along Jefferson, Chamberlain
and Belt creeks.
Upsection, ^^molar-tooth"-bearing silty micrite interbeds in the clayey black shale
gradually increase and the beds thicken and form thick units in the clayey black shale.
This is the limestone Walcott (1899) named the Newland in the Neihart area. Above the
thick “molar-tooth” - bearing silty micrite interval on Belt Creek, clayey black shale beds
grade upward into planar laminated silty black shale and dolomitic gray shale beds.
Walcott correlated these shales with the Greyson shale to the south. Keefer (1972)
mapped the Neihart area using Walcott’s stratigraphie nomenclature.
Based on the sediment type associations, I correlate the “molar-tooth”-bearing silty
micrite unit in the Neihart area with the clayey black shale with interbedded silty micrite
in the eastern upper Chamberlain sections at Sheep Creek. I correlate the planar laminated
silty black shale and dolomitic gray shale beds, above the silty micrite in the Neihart area,
with the lower Newland section in the Sheep Creek area. This interpretation elevates the
Chamberlain and Newland formational boundary from the base o f the silty micrite unit on
Belt Creek to the transition from the clayey black shale to the planar-laminated silty black
shale and dolomitic gray shale, stratigraphically above the micrite unit. The map in Figure
2 displays the Chamberlain and Newland formational contact based on these criterion.
M easured Sections
I measured sections along Belt Creek and Highway 89 and along Jefferson Creek above
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the confluence o f Chamberlain Creek (Figure 2). The most complete upper
Chamberlain and lower Newland section is along Belt Creek. The Jefferson Creek section
is faulted at the base and truncated by the Cambrian unconformity at the top. Chamberlain
outcrops on Moose Creek, O ’Brien Creek and Harrison Creek, to the south and west
(Figure 2), are generally flat lying with limited exposure. Although they are unsuitable for
measurement, they approximately correlate with the Belt Creek sections.
Belt Creek Sections
The base o f Section 1 begins at the lowest exposed silty micrite bed ( ^ ”), located
stratigraphically below the large road cuts on highway 89, and continues upsection to the
top o f the road cuts (Figure 2). It is 840’ thick (Figure 23). The base o f Section 2 is in
outcrops adjacent to Belt Creek across the highway (Figure 2), at approximately the same
stratigraphie level as Section 1, and continues upsection along the creek to the base o f the
Cambrian unconformity. Section 2 is 340 feet thick (Figure 23).
Clayey black shale beds dominate the lower part o f Section 1. These shale beds have few
**molar-tooth ”-bearing silty micrite interbeds, mostly less than 1 ’ thick. The silty micrite
beds generally thicken, multiply and contain more “molar-tooth” structures upsection.
They form thick units with less interbedded clayey black shale at the top o f the section.
Above the base o f Section 2, the silty micrite interbeds with clayey black shale decrease
significantly in number and thickness upsection, and discontinue altogether 140 feet
above the base. Above the highest silty micrite bed, approximately 50 feet o f sand-poor
clayey black shale beds grade upward into the planar laminated silty black shale and
dolomitic gray shale beds marking the base o f the Newland Formation. This is the only
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exposure o f the Chamberlain-Newland formational boundary in the Neihart area. The
planar laminated beds continue upsection to the Cambrian unconformity.
JefTerson Creek Section
Section 3 on Jefferson Creek generally correlates with the carbonate sections on Belt
Creek, although it is not as complete. A high angle north-trending fault dropped the thick
“molar-tooth”-bearing silty micrite units down to the east against clayey black shale lower
in the Chamberlain section to the west and Cambrian erosion removed the top o f the
Chamberlain section along Jefferson Creek. Therefore, the base o f section 3 begins in
thick “moIar-tooth”-bearing silty micrite beds at the fault exposed on Jefferson Creek
Road, and continues upsection through the silty micrite unit to alluvial cover near the
Cambrian unconformity (Figure 2). Section 3 is 560’ thick (Figure 23).
Section 3 is composed o f alternating sequences o f thick-bedded **molar-tooth”-bearing
silly micrite with interbedded clayey black shale and thick clayey black shale intervals
with interbedded silty micrite. The lowest sequence is thick “molar-tooth”-bearing silty
micrite beds with few interbedded clayey black shales from 0 to ~60'. The thick silty
micrite beds decrease from 60’ to ~300’ and the interbedded clayey black shale intervals
correspondingly increase and thicken. A second thick-bedded “molar-tooth”-bearing silty
micrite interval, from 300’ to 440’, grades upward into another clayey black shale interval
at 440’ to 500’. Thick “molar-tooth”-bearing silty micrite beds make-up the top o f the
section, from 500’ to 560’.
Correlations In the Neihart Area
The sections on Belt Creek reveal an interbedded "molar-tooth ’-bearing silty micrite
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and clayey black shale interval, o f the Chamberlain Formation, above a thick clayey
black shale interval lower in the Chamberlain Formation and below planar laminated silty
black shale and interbedded dolomitic gray shale o f the Newland Formation. The contact
at the base o f the silty micrite interval is gradational, where micrite interbeds increase and
thicken upsection. The contact at the top o f the micrite interval is relatively abrupt, where
sand-poor clayey black shale grades upward into the planar-laminated Newland
lithologies. The base and top o f this “molar-tooth”-bearing silty micrite interval is not
exposed on Jefferson Creek, but the micrite beds at Jefferson Creek generally correlate
with beds high in the micrite section on Belt Creek (Figure 23).
The poorly exposed o f clayey black shale with silty micrite interbeds on Moose Creek,
O’Brien Creek and Harrison Creek (Figure 2) correlate generally with the Belt Creek
section. Clayey black shale beds with very little interbedded silty micrite on Harrison
Creek to the southeast correlate best with the clayey black shale and few interbedded silty
micrites low in Section 1 on Belt Creek. “Molar-tooth”-bearing silty micrite beds to the
south on Moose Creek and to the west on O ’Brien Creek are not as thick as the beds on
Jefferson and Belt creeks. These thiimer beds may correlate with thirmer-bedded units
low in the Belt Creek section, just below the covered part o f the section at 200’, or may
be thinner distal correlatives to the thicker beds upsection.
NEIHART SHEEP CREEK CORRELATIONS
With the new drill hole data, upper Chamberlain and lower Newland strata can be
correlated across about 10 miles o f exposed Archean and Paleozoic rocks, from the
Sheep Creek area to the Neihart area. In the drill hole sections at Sheep Creek, clayey
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black shale beds in the upper Chamberlain contain silty micrite interbeds to the east and
sandstone interbeds to the west. The eastern Sheep Creek section in drill hole SC-101
correlates best with the upper Chamberlain clayey black shale and interbedded “molartooth”-bearing silty micrite in the Neihart sections (Figure 24).
Like the eastern Sheep Creek sections, the clayey black shale beds in the upper
Chamberlain are sand-poor at Neihart. The “molar-tooth”-bearing silty micrite interbeds
are thicker and more abundant in the Neihart area, and thin and pinch-out to the south.
Because the silty micrite beds decrease in number and thin to the south, lie within clayey
black shale beds typical o f the upper Chamberlain Formation, and represent a shallow
sedimentary environment, they are probably a local carbonate facies within the upper
Chamberlain Formation.
The silty micrite beds occur below planar Newland lithologies at Neihart and Sheep
Creek, except in SC - 8 south o f Strawberry Butte, where the silty micrite beds and clayey
black shale apparently interfinger with planar laminated silty black shale and dolomitic
gray shale sediment types within the lowest Newland section.
The lower Newland at Sheep Creek is represented by planar laminated upward-fining
sequences, interpreted as micro-turbidites, interbedded with stylolitic micrite, pyrite and
intraclast beds, interpreted as carbonate precipitates, exhalites and debris flow
conglomerates, respectively. The conglomerate and pyrite beds are limited to the central
Sheep Creek area and the stylolitic micrite interbeds persist to the east and west.
No intraclast conglomerate, pyrite or stylolitic micrite interbeds were found in the Belt
Creek section. This suggests that the intraclast conglomerate, pyrite and stylolitic micrite
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sediment types are localized to the south o f the Buttress fault.
Placement o f the Chamberlain-Newland formational boundary at the transition from the
wavy clayey black shale beds to the planar silty black shale and dolomitic gray shale beds
is based on a regional lithologie change, recognized at the Sheep Creek and Neihart areas.
The most striking lithologie change, in the freld and in drill core, is at the base o f the
planar laminated silty black shale-to-dolomitic gray shale couplets. In the Sheep Creek
area intraclast conglomerate and pyrite interbeds locally overlie the highest clayey black
shale and there the boundary is placed at the base o f the intraclast conglomerate or pyrite
interbeds. This correlation replaces Walcott’s correlation o f the planar laminated shale
section on Belt Creek with the Greyson and lower Spokane shales.
DEPOSITIONAL ENVIRONMENT
The Chamberlain-to-Newland formational boundary records deepening from sediments
deposited within wave base to sediments deposited below wave base. The Chamberlain
lithologies, clayey black shale, sandstone and silty micrite, were deposited within storm
wave base, whereas the Newland lithologies, silty black shale, dolomitic silt, dolomitic
gray shale, intraclast conglomerate, stylolitic micrite and pyrite, were deposited below
storm wave base. I interpret this as a transgression from a shallow ramp facies to a deeper
ramp or slope facies. In the Sheep Creek area this deepening coincided with the lowest
slumps and debris flow deposits, evidence that slope development and deepening
coincided with movement on the Volcano Valley and the Buttress faults. Figure 25
displays the interpreted û&cies tracts and their histories during upper Chamberlain and
lower Newland deposition along the northern margin o f the Helena embayment.
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Cham berlain Formation
Clayey black shale with sandstone interbeds in the upper Chamberlain were deposited in
a shallow subaqueous environment, within the reach o f storms. The black carbonaceous
fîlms grew in place or accumulated with the clay from suspension in still water, whereas
the fine-grained sand and silt beds with symmetric ripple bed forms, hummocky cross
stratification and load structures were deposited by storm currents. The sands were
probably washed in from near-by shores during storms and deposited with the black shale
in deeper water. The most likely depositional environment is along a ramp at the north
margin o f the Helena Embayment.
Sandstone interbeds in Chamberlain clayey black shale are most abundant in the western
part o f the Sheep Creek area. They thin and diminish to the east, suggesting a western
source for the siliciclastics during upper Chamberlain deposition. The sand-poor clayey
black shales in the upper Chamberlain section at eastern Sheep Creek and Neihart contain
progressively more silty micrite interbeds.
The silty micrite interbeds are thickest in the Neihart area and apparently thin and
diminish southward in the Sheep Creek area. The "molar-tooth" structures concentrate in
the thicker micrite interbeds at the Neihart area and also diminish southward in the Sheep
Creek sections. These carbonate beds probably developed in shallow water along the
north, and possibly east, margins o f the Helena embayment and pinched out basinward
within the clayey black shales. Development o f "molar-tooth" structures in the thicker
beds may depend on shallow-water conditions or relatively rapid burial during a single
depositional event.
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The thin silty micrite beds in the upper Chamberlain near Neihart contain cryptalgal
laminae and small low-domed stromatolites, also indicating a shallow water depositional
environment. As well, microfossil studies in the clayey black shales from the Neihart area
support the shallow water interpretation for the silty micrites. As mentioned earlier,
Horodyski (1980) suggested microfossil filaments from the silty micrite interval are
remnants o f filamentous bacteria or cyanophytes derived from microbial mat communities
in shallow-water areas. On the other hand, sphaeromorphs in clayey black shale beds,
below the silty micrite interval, had probable planktonic origins, suggesting a deeper
water environment during the clayey black shale deposition.
This transition from the clayey black shale to the silty micrite sequence, at the base o f
Section 1 on Belt Creek, may record a small regression. This regression may also be
recorded in SC-8 , at Sheep Creek, where clayey black shale and silty micrite beds
interfinger with the planar laminated beds at the base o f the Newland Formation (see
discussion above). Alternatively, the silty micrite could have been precipitated in a
shallow water reentrant at the north margin o f the Helena embayment, and the sand
interbeds deposited on adjacent promontories. Regardless, widespread evidence for storm
deposition, the presence o f shallow-water silty micrite beds that thin to the south and the
absence o f a slope facies, indicates that the Chamberlain was probably deposited on a
ramp that sloped to the south.
Newland Formation
The planar beds o f the basal Newland overlie the silty micrite section at Neihart, overlie
clayey black shale with few micrite interbeds at eastern Sheep Creek, and overlie clayey
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black shale and sandstone beds at western Sheep Creek. As discussed above, the planar
beds o f the Newland are interpreted as micro-turbidites with debris flow intraclast
conglomerate, carbonate precipitate and pyrite interbeds, deposited below storm wave
base. Therefore, the Chamberlain-Newland boundary records deepening, which I interpret
as a regional transgression.
The shift from storm wave base to sub-storm wave base deposition at Sheep Creek was
accompanied by synsedimentary intraclast conglomerate deposition and soft sediment
deformation south o f the Buttress fault. The slumps and debris flows, interbedded with
the planar laminated shales along the Buttress fault and Volcano Valley fault, are good
evidence that deepening and slope development were in response to down-to-the-south
movement on the faults. As well, there are no slumps or debris flow deposits north o f the
fault in drill holes SC-72, SC-101 or in lower Newland exposed at the top o f the Belt
Creek section, suggesting the slope developed near the Volcano Valley and Buttress
faults.
The thick intraclast conglomerate beds in the lower Newland are concentrated in the
Strawberry and Black Butte areas and diminish to the west, east and south. The thinning
o f the conglomerate beds southward suggests the slope flattens basinward. The
confinement o f the conglomerate beds to the central Sheep Creek area suggests debris
flows funneled down a subaqueous canyon(s) that could have been fault induced.
The conglomerate-rich lower Newland sections in the central Sheep Creek area contain
a few stylolitic micrite interbeds, which persist near the Buttress fault in the eastern and
western Sheep Creek sections. No stylolitic micrites are exposed in the Neihart area. The

61

micrite either precipitated on the slope near the fault and was removed by the debris
flows in the central Sheep Creek area, or developed beyond the limits o f active debris
flows.
Pyrite beds, interstratified with the intraclast conglomerate beds in the basal Newland
sediments, show that mineral emplacement accompanied debris flow deposition and
faulting. Perhaps metal-rich fluids preferentially vented in the canyon(s) along the
Buttress and Volcano Valley faults, or the more permeable conglomerate beds functioned
as avenues for the migrating fluids.
CONCLUSIONS
The boundary o f the Chamberlain and Newland formations records a transgression from
a shallow water sequence, within storm wave base, to a sub-storm wave base sequence at
the northern margin o f the Helena embayment. The shallow water deposits in the upper
Chamberlain Formation are clayey black shale beds with interbedded sandstone and silty
micrite. Intraclast conglomerate, silty black shale, dolomitic silt and dolomitic gray shale
layers are micro-turbidites interbedded with stylolitic micrite, conglomerate and pyrite
beds in the sub-storm wave base deposits o f the lower Newland Formation. The change
from wavy clayey black shale beds to planar laminated silty black shale and dolomitic
gray shale beds is the logical boundary for the Chamberlain and Newland formations at
Sheep Creek and Neihart areas, except where intraclast conglomerate or pyrite interbeds
occur at the base o f the Newland Formation.
This definition o f the Chamberlain-Newland boundary revises from Walcott’s (1899)
correlations in the Neihart area. Where Walcott included silty micrite beds near Neihart in
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the Newland Formation, the silty micrites are here placed in the upper Chamberlain
Formation. The overlying planar laminated dolomitic shales, Walcott described as the
Greyson Formation, are here placed in the lower Newland Formation. Red shale at the
base o f the Cambrian unconformity, Walcott described as basal Spokane Formation, is
likely pre-Paleozoic weathering below the unconformity.
The thick-bedded ”molar-tooth"-bearing silty micrite section near Neihart correlates
with the clayey black shale and interbedded silty micrite in the upper Chamberlain at the
eastern Sheep Creek area. The planar laminated silty black shale and dolomitic gray shale
at Neihart correlates with the planar laminated sediments, debris flow conglomerate and
pyrite beds in the lower Newland at the Sheep Creek area.
The silty micrite interval at Neihart may record a regression during upper Chamberlain
deposition or may record carbonate deposition in a reentrant along the northern edge o f
the Helena embayment. Chamberlain clayey black shale and silty micrite beds that
interfinger with lower Newland plane beds in SC - 8 may be the deeper water evidence for
the regression in the Sheep Creek area. However, a reentrant at the north embayment
margin may have developed along a trend parallel with a subaqueous canyon(s) during
basin development.
Slumps and debris flows, interbedded with the planar laminated shales along the
Volcano Valley and Buttress faults, are good evidence that deepening and slope
development formed in response to down-to-the-south movement on the fault. The
confinement o f the conglomerate beds to the central Sheep Creek area suggests debris
flows were funneled down a subaqueous canyon(s). Pyrite beds, interstratified with the
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intraclast conglomerate beds in the basal Newland Formation, indicate that mineral
emplacement accompanied faulting and debris flow deposition.

64

REFERENCES
AleinikofF, J.N., Evans, K.V., Fanning, C M., Obradovich, J.D., Ruppei, E.T., Zieg G.A.,
and Steinmetz, J.C., 1996, Shrimp U-Pb ages o f felsic igneous rocks. Belt
Supergroup, western Montana (Abstract): Geological Society o f America,
Abstracts with Programs, v. 28, n. 7, p. A-376.
Anderson, H. Elizabeth, and Davis, Donald W., 1995, U-Pb geochronology o f the Moyie
Sills, Purcell Supergroup, southeastern British Colombia: Implications for the
mesoproterozoic geological history o f the Purcell (Belt) basin, Canadian Journal
o f Earth Science, v. 32, no. 8 , p. 1180-1193.
Bouma, A.H., 1962, Sedimentology o f Some Flysch Deposits: A Graphic Approach to
Facies Interpretation: Amsterdam, Elsevier, p. 168.
Burwash, R.A., Baadsgaard, H., and Peterman, Z.E., 1962, Precambrian K-Ar dates from
the western Canada sedimentary basin: Journal o f Geophysical Research, v. 67,
no. 4, pp. 1617-1625.
Burwash, R.A., 1993, Overview o f Belt geochronology and problems o f dating the BeltPurcell Supergroup, in Berg, R.B., ed.. Proceedings o f Belt Symposium III:
Montana Bureau o f Mines and Geology, Butte.
Cantanzaro, E.J., and Kulp, J.L., 1964, Discordant zircons from the Little Belt (Montana),
Beartooth (Montana), and Santa Catalina (Arizona) Mountains: Geochim.
Cosmochim. Acta, v. 28, pp. 87-124.
Carr, N.G., and Whitton, B.A., 1973, The Bioloev o f Blue-Green Algae. Blackwell
Scientific Publication, Osney Mead, Oxford.
Fumiss, G., 1990, Gas Bubble Expansion Crack Origin o f "Molar-tooth" Calcite
Structures in Middle Proterozoic Belt Supergroup, Western Montana, [M.S.
thesis]. University o f Montana.

65

Godlewski, D.W., and Zieg, G.A., 1984, Stratigraphy and depositional setting o f the
Precambrian Newland Limestone, in Hobbs, S.W., ed.. The Belt: Montana Bureau
o f Mines and Geology Special Publication 90, pp.2-4.
Harrison, J.E., 1972, Precambrian Belt basin o f the northwestern United States: Its
geometry, sedimentation, and copper occurrences: Geological Society o f America
Bulletin, v. 83, pp. 1215-1240. .
Hayden, R.J. and Wehrenberg, J.P., 1960, A^^ -

dating o f igneous and metamorphic

rocks in western Montana: Journal o f Geology, v.

68,

no. 1, pp. 94-97.

Himes, M.D., and Petersen, E.U., 1990, Geological and Mineralogical Characteristics o f
the Sheep Creek Copper-Cobalt Sediment-Hosted Stratabound Sulfide Deposit,
Meagher County, Montana: Proceedings o f the Gold '90 Symposium, Salt Lake
City, Utah, pp. 533-546.
Holm-Hansen, O., 1967, recent advances in the physiology o f blue-green algae. In:
Proceedings o f the Symposium on Environmental Requirements o f Blue-green
algae, pp. 87-96. Pacific North West Water Laboratory, Corvallis Oregon, U.S A .
Horodyski, R.J., 1980, Middle Proterozoic shale-facies microbiota from the lower Belt
Supergroup, Little Belt Mountains, Montana: Journal o f Paleontology, v. 54, no.
4, pp. 649-663.
Jadgozinski, H., 1949, Eindimensionale Fehlordnung in Kristallen und ihr Einfluss auf
die Rontgeninterferenzen. I. Berechnung des Fehlordnungsgrades aus der
Rontgenintensitaten: Acta Crystallogr. 2, pp. 201-207.
Jones, D.D., and Jost, M., 1970, Isolation and chemical characterization o f gas-vacuole
membranes from M icrocystis aeruginosa Kuetz.

emend. Elenkin. Arch.

Mikrobiol. 70, pp. 43-64.
Keefer, W.R., 1972, Geologic map o f the west half o f the Neihart quadrangle, Montana:
United States Geological Survey Misc. Geology Inv. map 1-726.

66

Lowe, D R., 1976, Subaqueous liquefied and fluidized sediment flows and their
deposits: Sedimentology, v. 23, no. 3, pp. 285-308.
Maxwell,

D.T.,

and

Hower,

J.,

1967,

High-grade

diagenesis

and

low-grade

metamorphism o f illite in the Precambrian Belt Series: Amer. Mineral. 52, pp.
843-856.
McMannis, W.J., 1963, Lahood Formation - A coarse facies o f the Belt series in
southwestern Montana: Geological Society o f America Bulletin, v. 74, pp. 407436.
Moore, D M., and Reynolds, R.C., Jr., 1989, X-ray difBraction and the identification and
analysis o f clay minerals, Oxford University Press.
Mutti, E., and Ricci Lucchi, P., 1972, Le torbiditi delP Appennine settenrionale:
introduzione all' analisi di facies: Memorie Societa Geologica Italiana, v. 11, pp.
161-199. (Translated into English by T.H. Nilsen, 1978, International Geology
Review, V . 20, no. 2, pp. 125-166.
Nelson, W.H., 1963, Geology o f the Duck Creek quadrangle, Montana: United States
Geological Survey Bulletin 1121-J, p. 55.
Nilsen, T.H., 1984, Modem and Ancient Deep Sea-Fan Sedimentation, Turbidite Facies:
Society o f Economic Paleontologists and Mineralogists, Short Course No. 14, pp.
170-196.
Nilsen, T.H., and Nelson, C.H., 1984, Modem and Ancient Deep Sea-Fan Sedimentation,
Turbidite Facies: Society o f Economic Paleontologists and Mineralogists, Short
Course No. 14.
Obradovich, J.D., and Peterman, Z.E., 1968, Geochronology o f the Belt Series, Montana:
Canadian Joumal o f Earth Science, v. 5, no. 3, pt. 2, pp. 737-747.
Ryan, P., 1991, Stmctural Variations in Illite and Chlorite in the Belt Supergroup,
Westem Montana and Northem Idaho, [M.S. thesis]. University o f Montana.

67

Schieber, J., 1986, The possible role o f benthic microbial mats during the formation o f
carbonaceous shales in shallow Mid-Proterozoic basins: Sedimentology, v. 33, pp.
521-536.
Schmidt, C.J. and Garihan, J.M., 1986, Middle Proterozoic and Laramide Tectonic
Activity along the Southern Margin o f the Belt Basin: in Montana Bureau o f
Mines and Geology Special Publication 94 - Belt Supergroup: A Guide to
Proterozoic Rocks o f Montana and Adjacent Areas, pp. 217-244.
Smith, A.G., and Barnes, W.C., 1966, Correlation o f and facies changes in the
carbonaceous, calcareous, and dolomitic formations o f the Precambrian BeltPurcell Supergroup: Geological Society o f America Bulletin, v. 77, no. 12, pp.
1399-1426.
Strauss, H., and Schieber, J., 1990, A sulfur isotope study o f pyrite genesis: The MidProterozoic Newland Formation, Belt Supergroup, Montana, Geoch. Cosmoch.
Acta 54: pp. 197-204.
Walcott, C.D., 1899, Precambrian fossiliferous formations: Geological Society o f
America Bulletin, v. 10, pp. 199-244.
Weed, W.H., 1899, Little Belt Mountains, Montana: United States Geological Survey
Folio 56.
Winston, D., 1986, Stratigraphie correlation and nomenclature o f the Middle Proterozoic
Belt Supergroup, Montana, Idaho & Washington: in Montana Bureau o f Mines
and Geology Special Publication 94 - Belt Supergroup: A Guide to Proterozoic
Rocks o f Montana and Adjacent Areas, pp. 69-84.
Wittman, W., Bergensen, F.J., and Kennedy, G.S., 1965, The coralloid roots o f
M acrozam ia communis. L. Johnson. Aust. J. Biol. Sci. 18, pp. 1129-1134.

68

Zartman, R.E., Peterman, Z.E., Obradovich, J.D., Gallego, M.D., and Bishop, D.T.,
1982, Age o f the Crossport sill near Eastport, Idaho: in Reid, R.R. and Williams,
G.A., eds.. Society o f Economic Geologists, Coeur d’ Alene Field Conference,
Idaho, 1977: Idaho Bureau o f Mines Bulletin 24, pp. 61-69.
Zieg, G.A., 1981, Stratigraphy, sedimentology and diagenesis o f the Precambrian upper
Newland Limestone, central Montana [M.S. thesis]: University o f Montana.
Zieg, G.A., Rankin, P.W., Hall, S.M., and Tureck-Swartz, K.R., 1991, The geology o f the
Sheep Creek Proterozoic copper deposits, central Montana: Society o f Mining
Engineers o f AIME preprint. Rocky Mountain Section, Denver Meeting, Februaiy
1991.

69

APPENDIX A: Sheep Creek Drill Hole Sections and Nelhart Measured Sections

STRAWBERRY EAST AREA
Drill Holes

VO
OO

Ù
CO

?

LEGEND

I
I
I

rooI

CJ
CO

■

I

□

oo

I

oo
Ô

Dolomitic Gray Shale,
Dolomitic Silt,
Silty Black Shale
Intraclast Conglomerate
Stylolitic Limestone
Intraclast Conglomerate
Pyrite
Clayey Black Shale
Silty Micrite
Sandstone
Intrusive

'X / Fault
SCALE

100

I

’

1
0

70

STRAWBERRY EAST AREA
Drill Holes
s

Ù
CO

CO
m

Ô

K /l

I

I
(O
PO
CN

LEGEND

OO

□

F

I

I
I

Dolomitic Gray Shale,
Dolomitic Silt,
Silty Black Shale
Intraclast Conglomerate
Stylolitic Limestone
Intraclast Conglomerate
Pyrite

I

Clayey Black Shale
Silty Micrite

□

Sandstone

I

Intrusive
Fault
SCALE

100

1"

wo:

“

100 ’

0

’

71

SC-8

STRAWBERRY BUTTE
AREA
Drill Holes

TOP

—I LEGEND

D
I
I
I
I
I

□
□

É

g

Dolomitic Gray Shale,
Dolomitic Silt,
Silty Black Shale
Intraclast Conglomerate
Stylolitic Limestone
Intraclast Conglomerate
Pyrite
Clayey Black Shale
Silty Micrite
Sandstone
Neihart Sandstone
Fault

I

SCALE

100

1"

=

100 ’

0

BASE

’

72

BLACK BUTTE AREA
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A PPEN D IX B
CLAY M IN ERA LO G Y
I analyzed clay minerals in drill core samples o f Chamberlain and Newland rocks to
detect possible changes in the clay mineralogy o f the formations. Drill core samples were
taken from the Big Belt Mountains and from the Strawberry Butte and Strawberry East
areas at Sheep Creek. The samples analyzed by standard x-ray diffraction techniques
(Moore and Reynolds, 1989), had mostly illite with very little mixed-layer illite/smectite
(I/S), chlorite and kaolinite. Measurable chlorite occurred in two samples from Sheep
Creek and one sample from the Big Belts. Higher concentrations o f kaolinite occur in
lower Newland sediments from the Big Belt samples.
Sam ple P rep aratio n
Unoxidized samples were taken from drill core at Sheep Creek and the Big Belt
Mountains. The samples were washed with deionized water and crushed with a mortar
and pestle. The fînes were periodically separated during the crushing process to minimize
repetitive impact and reduce the probability o f non-clay minerals in the < 2 p fraction.
Then samples were mixed with '-'200 millimeters o f deionized water, de-flocculated with
a hexa-meta-phosphate solution and disaggregated using ultrasonic vibration. Using
Stoke’s Law, 2 minutes at 1000 rpm in the centrifuge removed the >2|x fraction firom
suspension. The <2p solution was decanted and applied to microscope slides and dried
under a 500 watt lamp. Slides were glycol-solvated to test for expandable clays. Samples
with chlorite and kaolinite were baked at 550 C for

1

hour to destroy the kaolin structure
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and determine if kaolinite was present.
X -ray D iffraction
All samples were analyzed with a Philips-Norelco dif&actometer using CuKa radiation
and a l°-slit combination. The samples were scanned from 32® or 40® to 2® and recorded
on a strip-chart recorder.
Discussion
Illite and I/S
All samples o f the Chamberlain and Newland rocks from Sheep Creek and the Big Belt
Mountains contained illite. Maxwell and Hower (1967) reported essentially all IM and
IMd illite polytypes from samples taken in the Neihart area. Maxwell and Hower showed
that with increasing temperature and pressure accompanying deep burial there is an
increase in the 2Mi illite polytype. Ryan (1991) reported >90% IM d and <10% 2Mi illite
polytypes in lower Newland shale samples taken from outcrop exposure in the Big Snowy
Mountains, approximately 70 miles east o f the Neihart and Sheep Creek sections.
No polytype analysis was conducted in this study. The illite at Sheep Creek may contain
more 2Mi illite because the Newland section thickens westward in the Big Belt
Mountains.
Minor shifts in the 001 and 002 reflections in some o f the ethylene glycol solvated
samples suggest that few I/S interlayers occur within the illite crystallites. Because the
change is very small, it is likely no more than 3% interlayered I/S are present. Using the
Reichweite term in o lo ^ (Jadgozinski, 1949), the mixed layer I/S in the Sheep Creek area
and the Big Belt Mountains is R3 ordering, meaning that each smectite layer is
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surrounded by at least 3 illite layers.
C hlorite
Measurable chlorite concentrations occurred in 2 samples from Sheep Creek and one
sample from the Big Belt Mountains. The samples with chlorite are from the silty black
shale beds, which suggests the chlorite is concentrated in the black shale beds, although
additional sampling would be necessary for conclusive analysis. Ryan (1991) reported Ilb
and Ib chlorite polytypes in the Newland shale samples from the Big Snowy Mountains.
Ryan also reports up to 6% expandable interlayers (smectite) in the chlorite.
K aolinite
Variable amounts o f kaolinite occur in the Sheep Creek sediments, whereas the Big Belt
Mountains samples contained relatively high concentrations o f kaolinite. Maxwell and
Hower (1967) report no kaolinite from the section on Belt Creek south o f Neihart, except
from the “Spokane Formation”, which I interpreted as weathered Newland shale below
the Cambrian unconformity. This kaolinite is likely a weathered product. Ryan (1991)
mentioned kaolinite in samples o f lower Newland shales from the Big Snowy Mountains,
approximately 70 miles east o f the Neihart and Sheep Creek areas.
The kaolinite in the Big Belt samples may be related to a large Precambrian diabasic
dike near the Big Belt drill holes. Likewise, the kaolinite at Sheep Creek may somehow
relate to the hydrothermal system along the Volcano Valley fault. More sampling and clay
analysis would be necessary for conclusive evidence.

